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Abstract
In this Letter, we consider a model of tachyon with a non-minimal coupling to gravity and study its cosmological effects.
Regarding inflation, we show that only for a specific coupling of tachyon to gravity this model satisfies observations and solves
various problems which exist in the single and multi tachyon inflation models. But noting in the string theory the coupling
coefficient of tachyon to gravity is of order gs , which in general is very small, we can hardly expect that the non-minimally
coupling of tachyon to gravity could provide a reasonable tachyon inflation scenario. Our work may be a meaningful try for the
cosmological effect of tachyon non-minimally coupled to gravity.
 2003 Published by Elsevier B.V. Open access under CC BY license.Recently there has been a lot of studies on the
tachyon cosmology [1–6]. Regarding inflation the un-
conventional form of the tachyonic action brings some
new features and makes it different from that with a
normal scalar field, however as pointed out firstly by
Kofman and Linde [5] that the tachyonic inflations suf-
fer from serious difficulties. Authors of Ref. [6] con-
sidered a model of multi tachyonic inflation, which
solves some of the problems in the single tachyon
model. But still for the string scale Ms  H as re-
quired in these inflation models implies that the size of
the de Sitter horizon be smaller than the string length,
i.e., 1
H
 ls , which makes it invalid to describe the
tachyon condensation by using an effective field the-
ory [5].
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Open access under CC BY liceIn all of these studies, the tachyon action is usu-
ally the DBI action with the minimal coupling be-
tween the tachyon and gravity [1,7,8]. In this Let-
ter, we propose a model of tachyon which couples to
gravity non-minimally and study its cosmology. We
will show that for a specific form of non-minimal
coupling of the tachyon to gravity this model sat-
isfies observations and overcomes all of the prob-
lems which exist in the single and multi tachyon
inflation models. Studies in the bosonic string or
for non-BPS brane indicate the possibility on the
non-minimal couplings between tachyon and grav-
ity [9].1
The model under consideration is described by a
4D effective action of tachyon non-minimally coupled
1 We thank A.A. Tseytlin for communication about this with us.nse.
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S = 1
2κ2
∫
d4x
√−g f (T )R
(1)+
∫
d4x
√−g V (T )
√
1+ α′gµν∂µT ∂νT ,
where κ2 = 1/M2p sets the 4D Planck scale and the
tachyon potential around T = 0 is given by V (T ) =
τ3e−T
2
. f (T ) is a function of tachyon field T , which
corresponds to the minimal coupling of tachyon to
gravity when f (T ) = 1. The tension of the non-BPS
brane is
(2)τ3 =
√
2M4s
(2π)3gs
,
with gs being the string coupling and Ms = l−1s =
1/
√
α′ the fundamental string mass and length scales.
The Planck mass in this model is given by the
dimensional reduction
(3)M2p =
vM2s
g2s
,
where v = (Msr)6, r is the radius of the compactifi-
cation. The 4D effective theory is applicable only if
v 1.
Following [10], we perform a conformal transfor-
mation gµν(x)→ f (T )gµν(x), and obtain that
S = 1
2κ2
∫
d4x
√−g
(
R+ 3
2
(
f ′
f
)2
gµν∂µT ∂νT
)
(4)
+
∫
d4x
√−g V˜ (T )
√
1+ α′f (T )gµν∂µT ∂νT ,
in Einstein frame, where V˜ (T ) = V (T )/f 2(T ) is
the tachyon effective potential in this frame. For a
spatially homogeneous but time-dependent tachyon
field, the Hubble equation is given by
(5)H 2 = κ
2
3
V˜ (T )√
1− α′f (T )T˙ 2
+ 1
4
(
f ′
f
)2
T˙ 2,
and the equation of motion for tachyon is
(
1
1− α′f (T )T˙ 2 +
3
2
(
f ′
f
)2 M2p
α′f V˜
√
1− α′f T˙ 2
)
T¨
+
(
1+ 3
2
(
f ′
f
)2 M2p
α′f V˜
√
1− α′f T˙ 2
)
3HT˙+ 1
α′
V˜ ′
V˜ f
(6)
+ 1
2
(
1
1− α′f (T )T˙ 2
+ 3M
2
p
α′f V˜
f ′′f − f ′2
f 2
√
1− α′f T˙ 2
)
×
(
f ′
f
)
T˙ 2 = 0.
When f (T ) = 1, we have checked that the (5) and
(6) agree with those for a minimally coupled tachyon.
For f (T ) = 1, however the potential is rescaled to
be V˜ (T ), besides there are more terms proportional
to T˙ 2 and
(
f ′/f
)2 in (6), which can be neglected
consistently when
δ ≡ M
2
p
α′f V˜
(
f ′
f
)2
 1.
In the following, we study the inflationary solution
of this model. The slow-rolling parameters are given
by
(7) = M
2
p
α′
V˜ ′2
V˜ 3f
,
(8)η= M
2
p
α′
V˜ ′′
V˜ 2f
.
In the slow-rolling approximation , η 1 and δ 1,
the Hubble equation and the equation of motion for the
rolling tachyon can be expressed as
(9)H 2 = κ
2V˜
3
,
(10)3HT˙ + (α′V˜ f (T ))−1V˜ ′ = 0.
To solve Eqs. (9) and (10) we need the specific
forms of V (T ) and f (T ). Assuming that inflation
starts near the top of the tachyon potential, i.e.,
around T = 0, we take the tachyon potential V (T )=
τ3e−T
2
which valids around the maximum and has
a maximum at T = 0. For f (T ) we expand it about
T = 0 as follows
(11)f (T )= 1+
∑
i
ciT
2i ,
Y.-S. Piao et al. / Physics Letters B 570 (2003) 1–4 3where ci are coefficients. Thus
τ−13 V˜ (T )= τ−13
V (T )
f 2(T )
= 1− (1+ 2c1)T 2
(12)
+
(
1
2
+ 2c1 − 2c2 − c21
)
T 4 +O(T 6).
Applying the slow-rolling condition η < 1, we obtain
(13)gs > (2π)
3
√
2
v
(
(1+ 2c1)+O(1)T 2 + · · ·
)
.
One can see that when c1 = − 12 , the result is similar
to that for a minimally coupled tachyon. For c1 =
− 12 , however, the leading term proportional to T 2
disappears, correspondingly the “effective potential”
of tachyon τ−13 V˜ (T ) becomes flatter. In this case,
Eq. (12) becomes
(14)gs > 102vT 2.
We have also checked that when c1 = − 12 , δ  η
indeed a small parameter. This justifies our assumption
above of δ 1 during inflation, so that we can safely
drop them off in the calculation.
The amplitude of the gravitational waves produced
during inflation is
(15)Pg ∼ H
Mp
< 3.6× 10−5.
Substituting (9) and (3) into (15), we have
(16)g3s < 7× 10−7v2.
Then considering (14) and (16), we obtain
(17)vT 6 < 10−13.
One can see that for v  1, when T < 10−3, the
condition (17) is satisfied, and in the meantime,
combining (8) and (9), we have H−1T 2 < ls . As is
seen in the following, in this model, the string length is
far less than the cosmological horizon during inflation,
which means that the main problem [5] troubling the
single and multi tachyon inflation models is overcome.
The number of e-folds during inflation is
(18)N =
∫
H dt −
Tend∫
T60
α′f V˜ (T )
V˜ ′(T )
H 2 dT .In Eq. (18) T60 is the field value corresponding to
N  60 as required when the COBE scale exits the
Hubble radius, and Tend is the field value at which
inflation ends, which is determined by η ∼ 1. In our
model,
(19)T60 ∼ 0.1Tend ∼ 1102
√
gs
v
.
Following the definition of the amplitudes of the
density perturbation in Ref. [11], we have
(20)Ps ∼ H
2√
α′V˜ f (T ) T˙
.
Thus
(21)Ps ∼ g
2
s
102v3/2T 360
∼ 103g1/2s .
Therefore, for Ps ∼ 10−5, we find that gs ∼ 10−16 and
Ms ∼ 103 GeV, H−1 ∼ 1026M−1p  ls ∼ 1016M−1p
during inflation. In this case, the string scale is about
TeV.
Before concluding we should point out that the
inflationary solution of Eq. (4) can also be solved
by firstly expanding
√
1− α′f (T )T˙ 2 in terms of T˙ 2,
then renormalizing the kinetic energy term by a re-
definition of the tachyon field. With this approach we
obtain the same results as those present above.
In summary, we have considered in this Letter
a model of tachyon which couples to gravity non-
minimally and studied its cosmological effects. For a
specific coupling of tachyon to gravity f (T ) = 1 −
1
2T
2 around T = 0 we have studies the inflationary
solution, and found that it makes the tachyon potential
flatter, an successful inflation is realized. The string
length in our model is far less than the cosmologi-
cal horizon during inflation, which makes it feasible
to describe the tachyon condensation by using an ef-
fective field theory, and thus the main problem trou-
bling the single and multi tachyon inflation models
is overcome. But from the observation that the Ein-
stein action, describing purely closed string interac-
tions, arises at the level of world-sheet sphere, whereas
any coupling of gravity to tachyon must come from the
disk diagram. Thus the latter must have an additional
factor of the string coupling gs compared to the for-
mer. For the function f (T ) this implies that while the
4 Y.-S. Piao et al. / Physics Letters B 570 (2003) 1–4T independent part of it is 1, the T dependent part, re-
flected in the coefficients ci in Eq. (11) must all be of
order gs , which in general is very small. As a result the
choice c1 = −1/2, needed for solving the problem in
cosmology, may be not possible. However, this work
may be a meaningful try for the cosmological effect of
tachyon non-minimally coupled to gravity. Finally, we
would like to mention that the usual reheating mech-
anism is not feasible [5] in tachyon inflation model,
since the tachyon does not oscillate during the decay
of non-BPS branes. There are some discussions about
the tachyon reheating [12]. But recently, some studies
have pointed out that as the tachyon evolves into the
late-time, the strength of coupling to the closed string
increase [13]. These results motivate us to expect that
the tachyon could emit closed string radiation [14,15],
such as graviton and dilaton, into the bulk and eventu-
ally settles in the finite minimum.
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